The presence of viable seed in 24 substrate samples from Eagle Lake, a marsh in north-central Iowa, was tested by placing subsamples of each sample under 2 environmental conditions. One set of subsamples was placed underwater (submersed treatment). Seeds of 20 species germinated and grew in this treatment. On the average, there were 8.3 species/sample. The 2nd set of subsamples was kept moist, simulating conditions on an exposed mud flat (drawdown treatment). In the drawdown treatment, on the average, seeds of 12.9 species germinated/sample. Altogether seeds of 40 species germinated in this treatment of which only 24% were also found in the submersed treatment. By combining the results from the 2 treatments, the seed banks in the 6 vegetation types studied were estimated to range from 21,445 to 42,615 seeds/m2 on the average in the upper 5 cm of soil. Field studies at Eagle Lake (1974) and Goose Lake (1976), when these marshes had no standing water, revealed that the most abundant species whose seeds germinated on exposed mud flats were the same as the most abundant species in the experimental drawdown samples from Eagle Lake. In 1975, when Eagle Lake had standing water again, the submersed and floating species that were found were the same as those found in the experimental submersed samples from Eagle Lake. The seed-bank results and vegetation sampling reveal that there are 3 types of species present in prairie marsh seed banks: emergent species (Typha, Scirpus, Sparganium, Sagittaria) germinate on exposed mud flats or in very shallow water; submersed and free-floating species (Lemna, Spirodela, Ceratophyllum, Naias, Potamogeton) whose dormant seeds or turions can survive on exposed mud flats for a year and which germinate when there is standing water; and mud-flat species (Bidens, Cyperus, Polygonum and Rumex) which are ephemerals whose seeds can only germinate on exposed mud flats during periods when no standing water exists in the marsh because of drought or water level manipulation. When the marsh refloods, these species are eliminated from the visible marsh flora. Primarily because of the fluctuating water levels and muskrat damage, prairie marshes have cyclical changes in their vegetation during which mud-flat, emergent, or submersed and free-floating species replace each other as the dominant type of species in a marsh.
INTRODUCTION
The emergent vegetation of prairie glacial marshes is periodically eliminated by high water levels and (or) muskrat damage (Weller and Spatcher 1965, Weller and Fredrickson 1973) and is reestablished in these marshes only when periodic drought (natural drawdown) or human manipulation (artificial drawdown) lowers the water level and temporarily exposes the marsh bottom (see Kadlec 1962, Harris and Marshall 1963) . Johnson (1975) , after reviewing the available literature on seed banks (i.e., the amount of viable seed present in the soil) in forest ecosystems, suggested that it is the presence of a large seed bank that allows the rapid recovery of many forest ecosystems after a catastrophic disturbance (e.g., a fire). When a forest has no seed bank, recovery after a catastrophe is very slow. An exploratory study of the seed banks of prairie glacial marshes in north-central Iowa (van der Valk and Davis 1976) indicated that these wetlands have sizable seed banks containing more than 25 species. This suggests that the rapid recovery of the emergent vegetation in prairie marshes after a drawdown is made possible by the presence of these large seed banks.
To better understand the role of the seed bank in prairie glacial marshes, we examined the seed banks and vegetation of 2 marshes in north-central Iowa. Our study had 3 main objectives. The 1st was to assess the size and species composition of the seed banks within and among different existing vegetation types in a prairie marsh. Our 2nd objective was to examine the fate of seedlings produced by seeds that had germinated during a drawdown, when water levels returned to normal, pre-drawdown levels. Our 3rd objective was Early Spring 1978 SEED BANKS AND VEGETATION DYNAMICS 323 is located in sections 13 and 24 of Britt and 18, 19, and 30 of Garfield townships. Its surface area is =365 ha.
Eagle Lake is a shallow marsh with water depths rarely exceeding 1 m, except in 1 area in the northeastern corner of the lake where a peat fire burned a hole into the marsh bottom. The southern half of the lake is generally shallower than the northern half. Water level is controlled by a dam at the northern end of the marsh.
The chief sources of water for Eagle Lake are drainage ditches entering from the south and east and drainage tiles emptying directly into the lake along its eastern shore. A wooded ridge along the west shore prevents any flow into the marsh from that direction.
The small stream leaving the marsh at its northern end flows into the Iowa River. The total Eagle Lake drainage basin covers =2,780 ha (Dalziel 1976 ).
Because of a decline in emergent vegetation in the northern 2/3 of the marsh in the early seventies, the water level of the marsh was lowered in February 1974 to expose the marsh bottom and allow revegetation of this section of the marsh. Also, wild rice (Zizania aquatica) was aerially seeded over the northern 2/3 of the marsh in April 1974. The portion of the lake free from emergent vegetation in the 1974 spring will, hereafter, be referred to as the northern area, i.e., where mud flats were exposed during the drawdown (see Fig.   1 ). The shallower, southern section of the marsh as well as a fringe around the northern section never lost its emergent vegetation. The dominant species in the southern end of the marsh were Typha glauca, Scirpus fluviatilis, Sparganium eurycarpum, Phragmites communis, Carex spp., and Phalaris arundinacea. The southern 1/3 of the lake, plus the narrow fringe of Typha glauca, Carex spp., and Scirpus fluviatilis around the edge of the northern area, will be referred to as the southern area; i.e., the area covered with emergent vegetation during the drawdown in 1974 (see Fig. 1) . The water level in Eagle Lake was raised to approximately pre-drawdown levels in the spring of 1975. There are 2 previous studies of the vegetation of Eagle Lake by Clambey (1975) who surveyed the northern half of the marsh in the summer of 1974 during the drawdown and by Currier et al. (1976) who surveyed the entire lake in 1975.
Goose Lake (Fig. 1) is a privately owned marsh located in section 27 of Lyon Township in Hamilton County, Iowa. It is also a shallow, prairie glacial marsh, but is much smaller than Eagle Lake, with a total surface area of only 55 ha. A dam at its southern end is used to raise or lower water levels. Unlike Eagle Lake, Goose Lake has no appreciable watershed, and only 2 small intermittent creeks flow into the northern end of this marsh.
Goose Lake had a drawdown in the summer of 1976.
This drawdown was partly a result of an intentional lowering of the water level to expose some area of mud flats for revegetation by emergents. The draw- The vegetation of Goose Lake was 1st studied by Pammel (1898) and later by Weller and Spatcher (1965) . Its seed banks were surveyed by van der Valk and Davis (1976) .
North-central Iowa has a continental climate with average temperatures in January of -7? to -9?C and in July of 230 to 24?C. Annual precipitation ranges from 760 to 790 mm/yr (Shaw and Waite 1964 In the laboratory, each field sample was thoroughly mixed: all rhizomes, tubers, and pieces of undecomposed litter were removed by hand while the samples were being mixed. Each sample was then subsampled and tested for its viable seed content under 2 sets of environmental conditions: drawdown and submersed.
Each drawdown subsample had a volume of 513 cm3
and was spread over the surface of a plastic flat (27.5
x 19.5 x 5.5 cm) containing 3 cm of steam-sterilized potting soil. This resulted in a layer of marsh soil about 1 cm thick on top of the potting soil. For each of the 24 samples, 3 duplicate flats were prepared for a total of 72. These flats were placed on a greenhouse bench in a completely randomized block design. Each drawdown flat was watered twice daily with tap water to keep the surface of the soil samples moist. Subsamples for the submersed treatment each had a volume of 180 cm3. These were spread over the surface of plastic flats (9.7 x 19.5 x 5.5 cm) containing 2 cm of steamsterilized potting soil so that the marsh soil again would be -1 cm thick in the flats. There were again 3 duplicates for each of the 24 samples. These submersed flats were arranged in a completely randomized block design in a large wooden box (1.2 x 2.4 m) lined with plastic. This box was carefully filled with tap water until the water level reached just below the top of the flats; i.e., the water level was -2 cm above the soil.
In June 1976, the seedlings in both the drawdown and submersed flats were counted. In the drawdown flats, there were 200 to 300 seedlings of certain species (Scirpus validus, Polygonum lapathifolium) , and most of the individuals of these species were carefully removed so that less common species could be counted.
After the plants in the submersed flats had been counted, the water level in the box was raised 10 cm. Both sets of flats were again examined in September 1976, when voucher specimens were collected of all species.
By September nearly all the species had flowered or were large enough to be identified vegetatively. There were, however, several seedlings that failed to flower and could not be identified. All species identifications were checked in the Iowa State University Herbarium.
Nomenclature follows Gleason and Cronquist (1963) .
The data from the 3 duplicate flats were averaged to estimate the number of seeds of each species that germinated in each substrate sample under either submersed or drawdown treatment conditions. In September 1976, 12 sites were sampled at Goose Lake to see which species had germinated as a result of the drawdown. Ten sites were chosen at approximately equal intervals around the periphery of the lake. At each site, 5 quadrats (50 x 50 cm) were laid out at random in the nearest area of exposed mud flats, and 5 more quadrats were laid out randomly in the adjacent area dominated by Typha glauca, which is found in a nearly continuous band around the edge of the lake. In each quadrat, the cover of all species that had germinated as a result of the drawdown was estimated by using a cover-abundance scale (van der Valk and Bliss 1971). An 1 1th site was located on the west side of an island at the southern end of Goose Lake, and a 12th site was located halfway between the eastern shore and the island. At this last site, there is no Typha glauca, and 10 mud-flat quadrats were sampled.
In November 1974, the vegetation of Eagle Lake was sampled by using 3 100-x 1-m belt transects.
These transects were divided into 10-m segments, and the cover of each species in a segment was estimated with a cover-abundance scale (van der Valk and Bliss 1971). One transect was run in the northern part of the marsh from the west shore to the middle of the marsh.
The other 2 transects were in the southern end of the marsh. One was run from the west shore to the middle and the other from the east.
In July 1975, Eagle Lake was sampled again. The marsh was divided into 10 equal zones running eastwest. In each zone, a transect line across the marsh was chosen randomly. These transects were divided into 30-m sections, and in each section, 2 1-x 1-m quadrats were chosen at random. The cover of each species in a quadrat was again estimated by using the cover-abundance scale. In both 1974 and 1975, quad- rats sampled in the northern area of the marsh (free from emergent vegetation before drawdown) were separated in the analysis of the data from those collected in the southern area of the marsh. For each area in both years, the relative frequency and relative cover of each species were calculated as estimates of their abundance.
RESULTS
Eagle Lake Seed-Bank Samples Table 1 Among replicate samples within a vegetation type, there was a great deal of variation in the number of individuals of a given species found in different samples. This is reflected in the fact that the standard deviations are larger than the means in many cases in (Table 1 ). The lack of statistical significance in the average number of individuals of all but 1 species in the submersed treatment is primarily a result of the great variability among replicates within vegetation types (Table 1) .
Although not statistically significant, several other distributional patterns can be seen in the submersed treatment samples (Table 1) . Samples collected in the northern area of the marsh (Open and Sc. validus sites), in general, had more submersed aquatic species and they were present in larger numbers than in samples from the southern area. Bidens cernua was also more common in the northern area samples (Table 1) The results of the drawdown treatment are given in Other distributional patterns of species in the drawdown sample can be seen in Table 2 . These, however, are not statistically significant. Bidens cernua and Cyperus erythrorhizos were the only species found exclusively or predominantly in drawdown-treatment samples from the northern area. Carex sp., Polygonum punctatum, Sium suave, and Stachys palustris were found only in samples from the southern area.
As in the submersed samples (Table 1) Goose Lake Seed-Bank Survey Table 3 summarizes the data collected at Goose Lake on species whose seeds germinated and seedlings grew on the exposed mud flats free of emergent vegetation and in areas dominated by Typha glauca.
On mud flats, 21 species were found. In the Open zone, the dominant species on the basis of relative cover were Cyperus spp. (33%), Bidens cernua (20%), Rumex sp. (15%), Sagittaria latifolia (M1%), Polygonum lapathifolium (7%), Scirpus validus (5%), Rumex maritimus (4%), and Leersia oryzoides (3%). Although Scirpus validus had a relative cover of only 5%, it was more abundant than this rather low value would suggest. It had a relative frequency on the mud flats of 88%, which was also the frequency of Cyperus (Table   3) , the species with the highest relative cover. Of the 21 species found on the mud flats at Goose Lake, 20 were found in the drawdown seed-bank samples from Eagle Lake (Table 2) ; and in general, the same species Clambey (1975) . We believe this is a misidentification because we have found no trace of this species in 3 years of sampling Eagle Lake.
e Includes 2.6% identified by Clambey (1975) as Typha angustifolia.
were the dominants (Tables 2, 3 (Table 3) . Altogether, 28 species were found in this zone, and 22 of these were found in the Eagle Lake drawdown seed-bank samples ( (Table 4) , and 16 of these species were found in the drawdowntreatment seed-bank samples ( Table 2 ). The dominants were generally the same in the northern area in 1974 as in the 1976 seed-bank samples except for Typha glauca and Rorippa islandica, which seem to be found in higher quantities in the seed-bank samples than they were recorded in the field in 1974 (Tables 2, 4) at Eagle Lake and also at Goose Lake in 1976 (Table 3) .
According to Clambey (1975) 
DISCUSSION
The drawdown and submersed treatment samples had only -25% of their species in common (see Tables   1, 2) . Standing water (even as little as 2 cm) has a very significant impact on which seeds germinate in the marsh seed banks (see also Harris and Marshall 1963, Weller 1975) . All the available evidence also suggests that not all the seeds present in the 24 samples col- Tables 1   and 2 . Field observations at Eagle Lake confirm that viable seed of both species are present in areas dominated by these species and that these seeds will germinate in areas free of vegetation during a drawdown.
Both species have seeds with very specific germination requirements (see Muenscher 1944 , Isely 1944 that we were evidently unable to simulate in the greenhouse under either the submersed or drawdown-treatment conditions. It is impossible to know by how much we are underestimating the size of the seed banks in the 6 vegetation types at Eagle Lake using the present seedling assay method. Future studies should try to determine the ratio of seeds that germinate under assay conditions and the total number of viable seeds in the sample. A viable seed for this purpose is defined as a seed that is respiring at a rate detectable using tetrazolium dye.
To obtain an estimate of the total number of viable seed in the 6 vegetation types at Eagle Lake, we have combined our estimates from Tables 1 and 2 . If a species occurred in both treatments, the larger estimate was used. Because the samples collected went to a depth of 4 to 5 cm, our combined estimates were multiplied by 5 to give the number of seeds in the upper 5 cm of soil. the data in Tables 1 and 2 greenhouse conditions, the samples were exposed to much higher temperatures (air temperatures reached 40?C), much greater daily temperature fluctuations, and higher light intensities. We believe that this is responsible for the higher number of seeds that germinated in the present study.
Comparing our estimates of the amount of viable seed per square metre in marsh soils with results of studies done on terrestrial communities is not directly possible because of differences in methodology. However, even if it is not possible to make absolute comparisons between the numbers of seed in prairie marshes and terrestrial communities, we can examine general trends. Johnson (1975) has summarized the literature on seed banks in forests. Forest seed-bank estimates range from 0 to 3,318 seeds/M2. It seems that, on the average, prairie marsh seed banks are an order of magnitude larger than those of forests. Major and Pyott (1966) found 8,230 and 12,276 seeds/m2 in California bunch grass sites. Prairie marshes again appear to have larger seed banks. The size of the seed bank in natural vegetation, however, is often much smaller than those found in agricultural fields. For example, Roberts (1958) gives values ranging from 19,000 to 175,000 seeds/m2 in agricultural soils and Jensen (1969) gives estimates from 600 to 496,200 seeds/m2 (see Major and Pyott 1966 for a discussion of natural and agricultural seed banks). Studies by Jensen (1969) have also shown that seed banks in agricultural fields can vary dramatically in size and composition from field to field of the same crop. This is also the situation within vegetation types at Eagle Lake (Tables 1, 2) .
The floristic similarity between our greenhouse seed-bank samples (Tables 1 and 2 ) and our field samples from Eagle Lake (Tables 4 and 5 ) and Goose Lake ( Lake (Tables 4, 5) . In this area, emergent establishment occurs primarily on exposed mud flats which would evidently favor the establishment of Typha and Scirpus validus (Table 2 ).
An examination of Tables 2, 4, and 5 shows that viable seed of Scirpus validus was present in large numbers in samples collected from the southern area of Eagle Lake (Table 2) , and that this species was uncommon in this area (relative cover <1%) in both 1974 and 1975 (Tables 4, 5) . Evidently most of the seeds present in the seed bank of the southern area did not germinate during the 1974 drawdown or if they did germinate, the seedlings did not survive. That established vegetation inhibits the germination of Scirpus validus seed (also Typha glauca seed) is also suggested by the data collected during the 1976 drawdown at Goose Lake (Table 3) species at Eagle Lake had to survive the 1974 drawdown on exposed mud flats since there was no water in the marsh. However, these species were found again in large quantities in 1975 when water levels returned to normal (see Tables 4, 5 ). Most of the species in this group probably reproduce both sexually and asexually in years of normal water levels. Emergent species are perennials whose seeds can germinate either on exposed mud flats or in very shallow water (Kadlec 1962 , Linde 1969 , Weller 1975 . As a result, seeds germinate only during drawdowns (see also Tables 1, 2, 3, and 4). Emergent species spread vegetatively in years when there is standing water in the marshes. The seeds of these species must remain viable for many years or even decades in the seed bank because natural drawdowns occur only every 5 to 30 years (Weller and Spatcher 1965 
Marsh Vegetation Dynamics
It has been known since the work of Weller and Spatcher (1965) that the vegetation of prairie marshes changes cyclically. A complete cycle requires anywhere from 5 to 30 or more years. In Fig. 2 , we have outlined an idealized vegetation cycle in a prairie marsh including all inputs and outputs (i.e., germination) of seeds from the seed bank. This figure combines all the available data from the literature (Weller and Spatcher 1965 , Weller and Fredrickson 1973 , Weller 1975 , van der Valk and Davis 1976 , 1978 , the present study, and our own field observations. We believe that the phases of the cycle, as outlined in Fig.   2 , are natural divisions that reflect the fundamental changes in marsh production and nutrient cycling (van der Valk and Davis 1978) that occur when different types of species become dominants in the marsh. In the case of the emergent populations, whether they are increasing or decreasing in size also has a significant impact on prairie marsh ecosystems (particularly populations of shore and water birds (Weller and Spatcher 1965) and invertebrates (Voigts 1973) ) and this has also been recognized in dividing the cycle into phases. The 4 phases in our cycle differ somewhat from the 5 stages previously suggested by Weller and Spatcher (1965) . They divide the period when the marsh is dominated by emergents into 3 stages which differ in the ratio of emergent cover to open water.
We consider these stages somewhat arbitrary and have divided this same period into only 2 phases, the regenerating and degenerating marsh.
The 4 phases in the prairie marsh vegetation cycle are the dry marsh, regenerating marsh, degenerating marsh, and lake marsh (Fig. 2) . To illustrate the changes that occur in species composition and abundance during the 4 phases of the cycle, Table 6 The dry marsh phase (Fig. 2) develops during years of low water caused by below normal amounts of precipitation when all or part of the marsh goes dry. On exposed mud flats (Tables 2, 3 Table 2 of Weller and Fredrickson (1973) This eliminates the mud-flat species, stops the germination of emergent seeds (see Weller 1975) , and triggers the germination of seeds of submersed and freefloating plants (Tables 1, 5, 6) . The result is a regenerating marsh (Fig. 2) covered by emergent species, with submersed species mixed in among the emergents. Eagle Lake was an example of a regenerating marsh in 1975 ( 
This decline of Sagittaria and Scirpus validus as at
Rush Lake does not always occur. Our own experience is that these species, particularly Scirpus validus, increase in abundance during the regenerating stage, if water levels are low.
The degenerating phase (Fig. 2) is characterized by a rapid decline in overall emergent cover. This decline is caused by a variety of physical and biological agents and their interactions. Scirpus validus and Sagittaria latifolia populations, as at Rush Lake (Table 6) , are usually the 1st to disappear. By 1968, Sagittaria was no longer present and by 1969, Scirpus validus was gone. During this phase, the emergent cover of Rush lake dropped from 34% to 6%. The inability of Scirpus validus and Sagittaria latifolia to tolerate high water levels has been suggested by Weller and Spatcher (1965) as the reason for their decline. In the case of Scirpus validus, this may indeed by the case. This species has rhizomes that cannot tolerate anaerobic conditions for >1 week (Laing 1941) . Field observations at Eagle Lake show that soils within Scirpus validus stands in deep water are anaerobic. Observations at Eagle Lake also indicate that many of the Scirpus validus culms are infested with larvae of a dipteran stem borer (see also Hayden 1947) . This insect may also be a factor in the decline of Scirpus validus populations. The decline of Sagittaria populations has no known cause and needs study. Disease, insects, high water, and senesence have all been suggested as the cause. Muskrat feeding also contributes to the decline of the emergent populations, particularly the Typha population, during the degenerating phase. During the regenerating and degenerating phases, submersed and free-floating plants are very abundant and are continually adding seeds to the marsh seed bank ( The final phase of the vegetation cycle is the lake marsh (Fig. 2) . During this phase the marsh loses what is left of the emergent populations (typically mostly Early Spring 1978 SEED BANKS AND VEGETATION DYNAMICS 335 Typha) and becomes dominated by submersed and floating aquatics. Muskrats whose population size has been increasing since the regenerating stage now are so abundant that their feeding and lodge building activities destroy the remaining emergents. Errington et al. (1963) , Weller and Spatcher (1965) . and Van Dyke (1972) have all documented the destruction of emergents by muskrat "eatouts." In general appearance, the marsh resembles a shallow lake or pond usually with a thin fringe of emergents around the edge. At Rush Lake emergents were reduced to 1% frequency during the lake marsh phase (Table 6) (Table 6) . A marsh will remain in the lake phase until the next drought reduces water levels and exposes the marsh bottom, starting a new cycle (Fig. 2) by allowing the germination of seeds of emergent and mudflat species.
Seed banks, then, are the key to understanding the vegetation dynamics and long-term survival of prairie marshes. It is the presence of viable seed of emergent and submersed species in the marsh substrate that enables the prairie marsh to regenerate, phoenixlike, after high water, insects, and muskrats have destroyed its emergent cover.
